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Abstract The monographic collections in academic libraries have undergone a period of 
tremendous growth in volume, in subject diversity, and in formats during the recent several 
decades. Readers may fi nd it diffi cult to prioritize which book(s) should be borrowed for a 
specifi c purpose. The log data of book loan record may serve as a visible indicator for the 
more sought-after books by the readers. This paper describes our experimental efforts in 
exploring various visual techniques to analyze the borrowing patterns of the monographic 
works in a university library setting. The visual analysis is thought to provide an effective 
way to extract the book usage information, which may yield new insights into a host of other 
related technical as well as user behavior issues. Initial experiment has demonstrated that 
the proposed approach as articulated in this article can actually benefi t end-users as well as 
library collection development personnel in their endeavor of book selections with effective 
measure.
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1 Introduction
Nowadays the amount of books available in libraries has grown rapidly. Readers may 
fi nd it diffi cult to decide which book(s) should be borrowed because the description 
of a book (author(s), publisher, publish date, pages, preface, etc.) is quite simplistic 
and hard for readers to compare and judge. In such a situation, comments from 
previous readers are very useful. However, most libraries do not provide such a 
platform for readers to post their own comments on the books they have borrowed 
and read. Fortunately, the loan history of books kept in libraries is a good indicator 
of the usage of each book and can be analyzed for the purpose of book recommendation 
for the novice. In this paper, we employ visual techniques (such as tree maps, parallel 
coordinates, horizontal bars and stacked areas) to analyze the usage of books. We 
shall demonstrate that visual analysis can be combined with the existing library 
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system to lend support to users in their effort of fi nding useful books in targeted 
subject areas more satisfactorily and effi ciently.
2 Related works
Visual analysis has become an increasingly important topic in order to deal with the 
rapidly growing amounts of data in very different areas. The goal of visual analysis 
is to improve the understanding of massive datasets. Visual techniques can help users 
to fi nd and analyze the information hidden in the sheer amount of data. For example, 
many visual techniques have been applied in digital libraries for visual information 
retrieval[1–4] and electronic document reading[5–8]. Parallel coordinates and tree map 
are two of the widely used information visualization techniques. Parallel coordinates 
technique[9] is one of the leading methodologies for multidimensional visualization. 
The real strength of parallel coordinates is in modeling relations between the variables. 
Compared with parallel coordinates technique, tree map[10] has the advantage of 
displaying information about entities with a hierarchical relationship. Tree map 
allows end users to easily recognize complicated data relationships that are otherwise 
non-obvious. 
In this paper, we adopt visual techniques to analyze the loan record of books in 
libraries. It can be regarded as a part of user behavior analysis. Most research work 
on user behavior generally focus on such issues as how many times that users have 
visited a given library, how many books that they have borrowed per month/year, and 
which digitized books or journals that they have read online and so on[11–12]. Such 
research fi ndings lend useful perspectives for librarians to evaluate their services. 
Our research, however, is to analyze in depth the usage of a given book so as to 
facilitate the readers with an appropriate instrument to do their book selection. We 
do not directly provide personalized recommendation of books because sometimes 
it is hard to give interpretations for a recommendation. Instead, we provide the visual 
analysis of library book usage which is very helpful to readers in their own decision 
making.
3 Visual analysis
3.1 The data acquisition and terms
To analyze the users borrowing behavior, the log data of each borrowing and returning 
activity has been collected (Table 1). In addition, users’ personal information (such 
as student’s major, grade, staff’s title, position) and detailed book information are 
also obtained from libraries database. Tables 2 and 3 show some examples of book 
information and user information. 
These tables provide basic information of borrowing behavior: who borrowed 
which book and at what time. These data are available in any library. In this research, 
we get the data from Edward Boyle library, University of Leeds, UK. These data 
provide important information to detect popular books and the most suitable books 
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for different educational levels of readers. We use four important criteria: frequency, 
usage effi ciency, impact factor and the half life of a book to rank, evaluate, and 
compare these library books. Some important terms related to these criteria are 
defi ned as follows.
Frequency refers to the number of times that a book has been borrowed within a 
period. The higher frequency a book has been borrowed, the more popular the 
book is. However, we should consider the frequencies in different periods, since 
it is of no signifi cance if a book had a high frequency ten years ago.
Usage effi ciency is a measurement of which books are in-use in a particular 
period. For example, the usage effi ciency of a book in last year U1 is calculated 
as U1=dy/365, while dy represents the number of days that the book is on loan 
in last 12 months. The whole usage effi ciency of a book is calculated by the 
following formula: U=du/db, while du represents the number of days that the 
book is on loan and db represents the number of days that the book belongs to 
the library. If the value of usage effi ciency is high, then it means the book is 
active in its circulation process. 
Impact factor is similar to the journal impact factor from journal citation report, 
the impact factor of a book is calculated by dividing the usage effi ciency of last 
year by the whole usage effi ciency of the book: IF=U1 / U. Impact factor is the 
percentage of the usage effi ciency last year in that of the whole. It is used to 




Table 1 The data set of each borrowing and returning
 Loan_id User_id Book_id Start_date Return_date
20060212009 Bio-101 Cs J-3 HOR 2006-2-12 2006-2-18
20060421052 Cs-206 Cs S-3 WAT 2006-4-21 2006-4-26
20060107106 Cs-001 Cs S-3 WAT 2006-1-7 2006-3-22
   etc.       
Table 2 The data set of the sample books
 Book_id Title Author Publication Year
Cs S-3 WAT 3D Computer Graphics Alan Watt AddisonWesley 2000
Cs J-3 HOR Big Java Cay Horstmann Wiley & Sons 2006
   etc.    
Table 3 The data set of users
User_id Position Major
Cs-001 Professor Computer Science
Cs-206 PhD student Computer Science
Bio-101 Undergraduate student Biology
  etc.  
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The half life of a book refers to the time when half of loans happen. The total 
times of loan continues adding by years and in which year it reaches 50%. For 
example, the book “OpenGL Programming Guide” (1999) has a total of 74 times 
of loan, and 37th loan happened on July, 2003, so the half life for this book is 
07-2003. The implication is that the closer the half life, the more popular the 
book is.
3.2 Mining the most frequently borrowed books
When search for books by keywords, quite often there are so many books retrieved. 
For example, when search for books with “JAVA” in the title, 232 books are returned. 
Even when the parameter is restricted as “year >2000”, there are still 129 books. It 
is a heavy burden for users to go through each of them. Mining the most frequently 
borrowed books can help users in the selection process.
Stacked lines can be used to display the loan frequency of books. Users can pick 
up some similar books and observe the trends of these books within a period. For 
example, Fig. 1 displays three books and their loan frequencies in last two years. 
From this fi gure we can see that the book “3D Computer Graphics” is highly required 
than the other two in last two years. 
•
It is noticed that the loan frequencies of books may be affected by many factors. 
For example, a new book may have a low loan frequency at beginning. Furthermore, 
users’ selection does not depend on the loan frequency only. Other factors such as 
half life, publish year, impact factor are also important for users in the selection 
process. We use tree map to visualize the detailed loan information of books. Fig.  2 
presents a visual display of retrieved books from a user’s query using tree map. These 
books are in the subject of “computer graphics” and the publish year is after 1999. 
The detailed information of a book includes title, author, publish year, price, subject, 
ISBN, impact factor, half life, and so on. The result is clustered by the publish year. 
With interactions users can change the hierarchal organization according to subject, 
author, and publisher. Each square refers to a book, where the color demonstrates the 
loan frequency of the book, the book in deep color (e.g. red) has a high frequency 
Fig. 1 Stacked lines for different books of their record of loan frequencies. 
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and the bright color (e.g. yellow) has a low frequency. The color can be changed to 
indicate the impact factor or half life according to a user’s need. 
3.3 Mining the individual features
Section 3.2 describes how to mine the highly demanded books. However, differences 
between user groups are ignored. For the books in university libraries, some are 
suitable for undergraduate students, some for postgraduate students, and some for 
teachers or research fellows. Therefore, visual display of user information is necessary. 
In our visual analysis, stacked area and horizontal bar are used to solve this kind 
of problems. For example, Fig. 3 displays the loan frequency curve of the book: 
“Computer Graphics and Applications” with different color show the different kinds 
of users: undergraduates; postgraduates (Master/PhD students) and staff (teachers 
Fig. 3 Details for the frequency of a select book “Computer Graphics and Applications”.
Fig. 2 Tree map for selected books.
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and research fellows). The vertical line indicates the half life of the book, which 
helps users know when the book was highly demanded. In this example, the book 
was highly demanded 2 years ago. From Fig. 3 we know that most of the readers of 
this book are undergraduate students.
3.4 Interactions
Sometimes users may have complicated request. For example, they want to know 
“which books have high frequencies (more than 30 times) and have been borrowed 
by postgraduates in last two years?” We can defi ne SQL query to answer this question 
as follows: 
select books from xx.table 
where ((years > 2004) 
and (frequency > 30) 
and (user_type=‘postgraduates’))
Parallel coordinates technique provides an easy and intuitive method to visually 
query a data set. There are 6 variables in the data sets: book title, loan frequency, 
impact factor, half life, publish-year and user type. This 6-dimensional data tuple is 
visualized in parallel coordinates as a polyline. The user can select ranges from y-
axes, i.e., select frequency more than 30, AND publish year > 2004, AND user type 
as postgraduate. This kind of set of connected ranges is corresponding to a query 
performed on a database management system. With interactive parallel coordinates, 
answers to above SQL query can be easily illustrated as seen in Fig. 4. The parallel 
coordinates also gives the average of the selected books. Boxplot refl ects the 
distribution of the data on each coordinate.
4 Test
To evaluate our approach we have implemented the visual analysis system and 
integrated it into the University’s library system. This test is based on book loan 
records of Leeds University from 2002/6 to 2006/8. Fig. 5 is the main interface of the 
system. The top half of the page is a query system now in use at Edward Boyle 
Library, University of Leeds. When a user gets the result of a query, the visual analysis 
Fig. 4 Parallel coordinates for query interactions.
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is displayed at the bottom half of the page. Tree map, parallel coordinates and 
horizontal bar can be selected by the user. With the help of visual analysis, the user 
can quickly fi nd some highly desired books for his/her own academic grade 
(undergraduate, postgraduate and staff) as shown in Tables 4 and 5.
To further test this system, we randomly select 30 users (16 undergraduate students, 
8 postgraduate students and 6 research fellows) to use this system and give comments. 
Most users think that it is useful in terms of saving time in searching and selecting 
suitable books. Without the help of visual analysis, only half of readers were satisfi ed 
with the books they borrowed. However, with the help of visual analysis, three 
quarters of users were satisfi ed. The feedback from undergraduate and postgraduate 
students is better than that of research fellows since the latter are more familiar with 
those publications in their research areas of interest.
Fig. 5 Main interface for visual analysis system.
Table 4 The top 5 books on the subject of “computer graphics” in terms of loan times
      Usage No. Author(s) Book title Publisher Year Frequency effi ciency
 1 Hearn D,  Computer Graphics  Prentice Hall 1997 132 0.783 Baker MP (2nd Edition) 
 2 Angel E OpenGL : A Primer Addison Wesley 2002 122 0.737
 3 Hartman J,  The VRML 2.0  Addison Wesley  1996 96 0.688 Wernecke J Handbook    
 4 Neumann S,  GIMP Pocket  O’Reilly 2000 91 0.651 Toporek C Reference    
 5 Angel E Interactive Computer Addison Wesley 2002 89 0.607  Graphics    
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5 Conclusions 
The rapid growth in collection size, subject diversity and formats of information 
storage in library is increasingly having an impact on the public demand for new 
approaches for book or information retrieval. Visual analysis of library books usage 
can help users to discern useful information which is normally hidden in the huge 
amount of log data. In this paper, we have employed several visual techniques to help 
users obtain important information of library books. Initial experiment shows that 
visual analysis could support users in selection of desirable books. We are going to 
conduct further experiments in different subject areas such as information science or 
biology and collect more user feedbacks in order to further verify such a hypothesis. 
We also plan to evaluate our approach for the evaluation of wider digital resources 
in the near future. Visual analysis for the selection of electronic materials is also 
hereby suggested as a possible new direction for future research.
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